Theb enzoxazine scaffolds are of much interesta st hey are found in al arge array of natural productsa nd pharmaceutical drugsw ith diverse activities.W eh aved eveloped ap alladium-catalyzed decarboxylative selectivem ono-and bis-acylation of 4H-benzo[d] [1, 3] oxazin-4-oned erivatives with a-oxo carboxylic acids via preferential cyclic imine-N-directed C À Ha ctivation.2 -Aryl-4H-benzo[d] [1, 3] oxazin-4-one was acylated with av arietyo fs ubstitutedp henylglyoxylic acids to produce the corresponding products. It was observed that electron-donating groups (CH 3 ,O CH 3 )a ta ny position of the aromatic ring of phenylglyoxylic acid provided good to excellent yields,w hereasp henylglyoxylica cids containing electron-withdrawing groups (COCH 3 ,C N, NO 2 )g avet he productsi nm oderate yields.I nterest-ingly when the reactionw as performed with silver triflate (AgOTf) in place of silver nitrate (AgNO 3 ) in the presence of 4e quivalents of glyoxylic acid, the bis-acylated product was obtained together with as mall amount of mono-acylated product. This is the first report of acylation of 2-aryl-4H-benzo[d] [1, 3] oxazin-4-ones via C À Ha ctivation. Then otable featureso ft his reactiona re acylation with more challenging heteroarene-oxo carboxylic acids and alkyl oxo carboxylic acids.T his new protocolp rovides an easy ande fficient access to av ariety of oacyl-4H-benzo[d] [1, 3] oxazin-4-one derivatives which are of pharmaceutical importance. Figure1.Af ew biologically active molecules containing the 4H-benzo[d][1,3]oxazin-4-onemoiety.
Introduction
Tr ansition metal-catalyzed decarboxylative coupling via C À Ha ctivation hasr eceived considerable attention in recent times as ap owerful green toolf or carbon-carbon and carbon-heteroatom bondf ormation as it doesn ot require stoichiometrico rganometallic coupling reagents and it leaves carbon dioxide only in place of toxicm etal waste. [1] Since the pioneering work of Myers [2] and Goossen [3] this reaction has been usedf or C À Hf unctionalization of various systems.R ecently,d ecarboxylativea cylation using aoxo carboxylic acids hasb een successfully applied for ortho-acylation of acetanilides, [4] O-phenyl carbamates, [5] indoles, [6] azoxybenzenes, [7] and O-methyl ketoximes [8] among others. [9] We became interestedi n the functionalization of 4H-benzo[d] [1, 3] oxazin-4-one as benzoxazine scaffolds are of much interest. They are found in al arge array of natural products and pharmaceutical drugs with diverse activitiess uch as chymotrypsin inhibitor, [10] HSV-1 protease inhibi-tors, [11] serine proteases inhibitor, [12] and inhibitors of leucocyte clatase. [13] Af ew representative compounds are outlined in Figure 1 . [14] They also serve as useful building blocks in organic synthesis. [15] To the best of our knowledge there is no report for functionalization of this system via metal catalyzed C À Ha ctivation. As ap arto fo ur continuing interest in C À Hf unctionalization by transitionm etal-catalyzed C À Ha ctivation [17, 18] we report here the hitherto unreported regioselective C À Ha cylation of benzoxazine-4-one derivatives by Pd-catalyzed cyclic imine-N-directedC À Ha ctivation (Scheme 1). Although af ew procedures have been reported for theirs ynthesis [16] by other protocols,s ome of them are associated with Scheme1.Pd-catalyzedc yclic imine N-directed CÀHa cylation of benzoxazine-4-one derivatives. [b] 1P d(OAc) 2 (10) AgOAc (1) -d ioxane 22 2P d(OAc) 2 (10) AgOAc (1) -x ylene 21 3P d(OAc) 2 (10) AgOAc (1) -D CE 27 4P d(OAc) 2 (10) AgOAc (1) -D MF -5P d(OAc) 2 (10) AgOAc (1) -d iglyme -6P d(OAc) 2 (10) AgOAc ( operational drawbackss uch as use of high reaction temperature and generation of waste.
Results and Discussion
To optimize the reaction conditions as erieso fe xperiments were performed with variation of reactionp arameters,s uch as catalyst, solvent,o xidant, temperature and time for ar epresentative reactiono f2phenyl-4H-benzo[d] [1, 3] oxazin-4-one and phenylglyoxylic acid. In the presence of Pd(OAc) 2 (10 mol%), AgOAc (1 equiv.) as oxidanta t5 0 8 8Ci n 1,4-dioxane,o nly 22% acylated product, 2-(2-benzoylphenyl)-4H-benzo[d] [1, 3] oxazin-4-one was isolated ( Table 1 , entry 1). Dichloroethane was found to be am ore effective solvent compared to 1,4-dioxane, xylene( Table1,e ntries1-3), whereas the reaction did not proceeda ta ll in DMF,d iglyme and CH 3 CN ( [1, 3] oxazin-4-one was subjected to acylation with av ariety of substituted phenylglyoxylic acids under the reaction conditions to produce the corresponding products( Table 2 ). It was observed that electron-donatingg roups (CH 3 ,O CH 3 )a ta ny position on the aromaticr ing of phenyl glyoxylic acid providedg oodt oe xcellent yields (3ab, 3ac and 3bb), whereasp henylglyoxylica cids containinge lectronwithdrawing groups (COCH 3 ,C N, NO 2 )g ave the productsi nmoderate yields (3am, 3an and 3ao).
Theh alogen moieties (F,C l, Br, I) on phenylglyoxylic acids remained unaffected under the reaction conditions affording the corresponding products (3ae, 3af, 3ag, 3ah, 3bk and 3al)i ng ood yields although the Pd-catalyzed decarboxylative acylation of aryl halide was ap ossibility. [19] The a-a nd b-naphthyloxoacetic acids participated in this reactione fficiently affording good yield of products(3ai, 3aj, 3bi and 3bj).
Thee ffect of substituents on the phenylr ing of 2aryl-4H-benzo[d] [1, 3] oxazin-4-oneu nder the reaction conditions was studied (Table 3) . Bothelectron-donating (CH 3 ,O CH 3 and t-Bu) ande lectron-withdrawing groups (F,C l) on the aromatic ring of 2-aryl-4Hbenzo[d] [1, 3] oxazin-4-onea re compatible with the reaction conditions.T he ortho-substituted 2-aryl-4Hbenzo[d] [1, 3] oxazin-4-one( 1k)w as found to produce alower yield of product (3ka).
We checkedt his protocolo fd ecarboxylativeC À H acylation of benzoxazine-4-ones with heteroarylglyoxylic acids.R eactions with thiophenyl-(2p)a nd furanyl-(2q)g lyoxylic acids were found to be successful producing good yields of acylated products (Scheme 2, 3ap and 3aq). We have also accomplished N-directed C À Ha cylation in the thiophenyl ring attachedw ith the benzoxazine-4-onem oiety (Scheme2, 3ra). This type of C À Ha cylation in ah eteroarene unit is novela nd wasnot been reported earlier. We have successfully performed the C À Hacylations with alkylglyoxylic acids (Scheme 3) which is usually difficult to achieve. [4,9a,k] The2 -aryl-4H-benzo[d] [1, 3] oxazin-4-ones bearing meta substituents on the aryl ring showed excellent regioselectivity towards C À Ha cylation under these conditions (Scheme 4). In substrates 1n (F), 1p (CH 3 ) and 1q (OCH 3 ), the acylation occurred preferentially at the N-directed positions although O-directed products are also formed in minor amounts.H owever, in case of meta-Cl substituted substrate (1o), acylation occurred exclusively at the N-directed position para to Cl (3oa). Thes tructure of 3oa wasc onfirmed by Xray crystallography too ( Figure 2 ). [20] As uitably halo-substituted acyl 2-aryl-4H-benzo[d] [1, 3] oxazin-4-one may undergo further functionalization as outlined in Scheme 5. Thus,t he corresponding acylated product from the reactiono f1h and 2a was subjected to Suzuki coupling to provide 3hax with incorporation of aphenyl ring.
Interestingly,w hen the reactionw as performed with AgOTfi np lace of AgNO 3 in the presence of 4 equivalents of glyoxylic acid, the bis-acylated product accommodatingboth N-and O-directedfunctionalization waso btained without any considerable amount (3-5%) of mono-acylated product.Aseriesofbis-acylated products were obtainedu nder the reactionc onditions( Table4,T able 5). Thee lectron-donating groups,f or example,O CH 3 ,C H 3 (4ba, 4ca and 4ma) and electron-withdrawing groups,f or example,C l, F (4ea, 4fa)a re compatible in this reaction. On close monitoring of the progress of the reaction it was established that the bis-acylated product was formed throught he intermediacy of the mono-acylated one as depicted in Figure 3 . Thep recise roleo fA gOTf in leading to bis-acylation is not very clear to us at this stage.
To investigate the mechanism of the reaction, the reactionw as performed in the presenceo f1equivalent of TEMPO (a radical-trapping agent) under the standardized conditions.T he outcome of the reaction did not change indicating that no freer adical intermediatewas involvedint he reaction.
In accordance with the earlier reports [5] [6] [7] [8] [9] it is assumed that the reactioni nitiates with the ortho-palladation of benzoxazine in the presenceo fP d(OAc) 2 forming a5 -membered palladacycle(II) intermediate A,w hich then undergoes at rans-metallation with 
Conclusions
In summary,a ne fficienta nd general protocolf or the decarboxylative selectivea cylation of 2-aryl-4H-benzo[d] [1, 3] oxazin-4-ones hasb een developed via ap alladium-catalyzed C À Ha ctivation process.T ot he best of our knowledge we are not aware of any earlier report on the acylation of 2-aryl-4H-benzo[d] [1, 3] oxazin-4-ones via C À Ha ctivation. Significantly, the mono-acylated product was obtained using AgNO 3 and( NH 4 ) 2 S 2 O 8 whereas replacement of AgNO 3 by AgOTf led to the bis-acylated compound. This is an ovel and hithertou nreported observation and provides ac onvenient toolf or an access to monoor bis-acylated product by choice.T he other notable featureso ft his reactiona re acylation with more challenging heteroarene-oxo carboxylic acids and alkyl oxo-carboxylic acids.T hism ethod providesasimple procedure for the synthesiso falibrary of acyl-2-aryl-4H-benzo[d] [1, 3] oxazin-4-ones which may have much potential in organic synthesisa nd the pharma industry.
Experimental Section
General Methods IR spectra were taken as thin films for liquid compounds and as KBr pellets for solids.NMR spectra were recordeda t 300 and 500 MHzf or 1 Hs pectra and at 75 and 125 MHz for 13 Cs pectra in CDCl 3 solutions.
Representative Experimental Procedure for the Preparation of 2-aryl-4H benzo[d][1,3]oxazin-4-ones
To as olution of anthranilic acid (10 mmol, 1.37 g) in pyridine (30 mL) cooled at 0 8 8Ci na ni ce bath was added an acid chloride (0.02 mol) dropwises lowly and carefully with proper control. An exothermic reaction occurred. Ther eaction mixture was stirred for 5min at 0 8 8C. Thei ce bath was removeda nd the reaction mixture was allowed to warm slowlyt or oom temperature (30 8 8C). Ther eaction mixture was further stirredf or 0.5 ha tr oom temperature.A fter completiono ft he reaction (TLC) the mixture was poured into ice-cold water (200 mL) and residuew as collected by filtration and washed with cold water (3 60 mL) and dried. Thec rude benzoxazin-4-one was recrystallized from ethanol as white prismatic needles. . Ther esultingm ixture was heateda t5 08 8Cu ndera ir for 18 h( TLC). After the reaction was complete,the mixture was allowed to cool to room temperature( 30 8 8C) and was extracted with ethyl acetate (3 20 mL). Thee xtract was washed with water (10 mL) and brine (10 mL This procedure was followed for all the reactions listed in Table 2 , Table 3 , Scheme 2, Scheme 3, Scheme 4, and Scheme 5.
Representative Experimental Procedure for the Bisacylation of 2-Phenyl-4H-benzo[d][1,3]oxazin-4-one to {2-(4-Oxo-4H-benzo[d][1,3]oxazin-2-yl)-1,3-phenylene}bis(phenylmethanone)
To as olution of 2-phenyl-4H-benzo[d] [1, 3] oxazin-4-one (0.5 mmol, 112 mg) and phenylglyoxylic acid (2.0 mmol, 301 mg) in dichloroethane (3 mL) were added AgOTf (1.0 mmol, 257 mg), (NH 4 ) 2 S 2 O 8 (1 mmol,2 28 mg) and Pd(OAc) 2 (0.075 mmol, 17 mg).T he resultingm ixture was heated at 60 8 8Cu ndera ir for 24 h( TLC). After the reaction was complete,t he mixture was allowed to cool to room temperaturea nd was extracted withe thyl acetate (3 20 mL). Thee xtract was washed with water (10 mL)a nd brine (10 mL). Thec ombined organic layer was dried over anhydrous Na 2 SO 4 and filtered. After removalo ft he solvent, the residue (crude product) was purified by columnc hromatography over silica gel (hexane/ethyl acetate8 9:11) to afford the pure product, [2-(4-oxo-4H-benzo[d] [1, 3] oxazin-2-yl)-1,3-phenylene}bis(phenylmethanone) ( Table 4, This procedure was followed for all the reactions listed in Table 4 . All the products were obtained in high purity.A ll the products are unknown and characterized properly by spectroscopic data (IR, 1 HNMR, 13 CNMR, HR-MSa nd elemental analysis). 22.1, 55.3, 94.2, 111.7, 114.7, 116.1, 117.9, 121.1 
CharacterizationData of all Products

